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I ntroduction

When we consider the variety of different conditions prevailing in oil 
fields, it is evident that some sort of a classification is needed. In order 
to be of most practical service, this should be based on the most con
spicuous distinguishing factors prevailing in a majority of the fields. 
What, then, is the most conspicuous type of phenomena displayed in an 
undeveloped oil field? Without doubt, it is the geological structure; 
hence we choose structure as the starting point in our classification, as 
we do in  our detailed field investigations.
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The structural factor has been realized for several decades by the ex
ponents of the anticlinal theory, and in 19101 the structural classification 
was proposed as an offshoot of that theory. The purpose of this paper is 
to broaden the subject by discussing, first, the classification, and secondly 
the apparent exceptions. We might almost say that the knowledge of 
favorable structures is approaching a stage where the exceptions will 
be more important than the rule; but, nevertheless, the structural rules 
themselves remain the predominant guide in any field investigation.

In revising the classification, it is a pleasure to give credit for a num
ber of additions to Bosworth,2 Johnson and Huntley,3 Mrazek,4 and others. 
The writer also is indebted to the McGraw-Hill Book Company, to the 
United States Geological Survey, and to Economic Geology for permis
sion to make copies of certain cuts republished here.

K e v i e w  o f  t h e  a n t i c l i n a l  T h e o r y

In considerations of geological structure much has been heard in the 
past about the “anticlinal theory,” which has been of decided value in 
locating many oil and gas fields. That theory was first suggested by 
Hunt5 and was later investigated and advocated by Andrews,6 Winehell,7 
Stevenson,8 Minshall,9 Newberry,10 Hofer,11 and others. The theory was 
not definitely formulated, however, until 1885, when Doctor White12 
worked out its details and first applied the theory in practice by locating 
oil and gas fields in West Virginia and Pennsylvania by means of it.

1 A proposed classification of petroleum  and n a tu ra l gas fields based on structu re. 
Read before the Geological Society of W ashington M arch 9, 1910. A bstract, Science, 
vol. 31, no. 801, May 6, 1910, pp. 718-719. Published in fu ll in Econ. Geol., yol. 5, no. 
6, Sept., 1910, pp. 503-521.

The use of geological science in the  petroleum and  n a tu ra l gas business. Proc. 
Engrs. Soc. W. Pa., vol. 26, no. 4, May, 1910, pp. 87-120. Read before th a t  Society 
April 19, 1910.

2 T. 0 . B osw o rth : O utlines of oil-field geology. Pet. Review, M arch-April, 1912, pp. 
139-140, 171-172, 203-204, 235-236.

3 Principles of oil and gas production, 1916, pp. 63-66.
* R. L. Mrazek : Congress In te rn a tio n a l du Petrole, 1907.
5 T. S terry  H u n t : Notes on the  history  of petroleum o r rock oil. Can. N at., vol. 6, 

August, 1861, pp. 241-255; Can. Geol. Survey, 17th Rept. of Progress, 1863-1866, p. 233.
* E. Benjam in A ndrew s: Rock oil, its  geologic re la tions and  d istribution . Am. Jour. 

Sci., 2d ser., vol. 32, 1861, pp. 85-93.
7 Alexander W inehell: On the  oil form ation  in Michigan and elsewhere. Am. Jour. 

Sci., 2d ser., vol. 39, 1865, p. 352.
8 J . J .  S tevenson : Sec. Geol. Survey of Pa., vol. H , 1875, pp. 394-395.
8F. W. M inshall: In  le tte rs  to the  S tate  Journal, Parkersburg , W. Va.t in 1881.
10J . S. N ew berry: Geol. Survey Ohio, vol. 1, 1873, p. 160.
u  H ans H o fe r : D as E rdol und seine Verwandten, 3d edition, p. 166 ; Geologie de& 

Erdols, p. 18.
» I. C. W h ite : Sci., vol. 6, Ju n e  26, 1885; Bull. Geol. Soc. Am., vol. 3, 1892, pp. 187- 

2 1 6 ; W. Va. Geol. Survey, vol. 1-A, 1904. pp. 48-64.

X L III— Bull. Geol. Soc. A m ., Vol. 28, 1916
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Doctor White’s theory was applied strictly to saturated rocks. Orton18 
deserves great credit for deciphering the detailed structure of structural 
terraces along similar lines of research. The various theories for the 
accumulation of oil have been ably summarized by. Campbell.14 In  fact, 
the anticlinal theory has been advocated by so eminent authorities as to 
be apparently accepted for many years.

L i m i t a t i o n s  o f  t h e  a n t i c l i n a l  T h e o r y

In pract ce, however, the anticlinal theory frequently has not met ex
pectations. After making careful locations of wells based on this theory, 
operators sometimes were rewarded only by dry holes. The successes, 
overshadowed by the fancied failure of the theory, were lost sight of by 
practical oil men, and thus the theory fell largely into disrepute for a 
time. The reports of the United States Geological Survey and the vari
ous State geological surveys throughout the country contained references 
to the anticlinal theory, and every writer on the subject tried to show 
the geological relation of fields in the particular territory covered. In 
many eases the geologists were successful in finding some relation, and 
in most instances the major axes of pools were discovered to correspond 
in a general way with the main anticlinal and synclinal axes. Many 
pools correspond closely with the crests of anticlines and seemed to prove 
the theory. Other cases prevail, however, in which the relation was less 
striking, and some exist in which no relation could be determined.

To explain the apparent defects of the theory various so-called “limita
tions” were formulated. The limitations, like the original theory, were 
incomplete in their application. They, too, have been added to and 
reviewed by various geologists, until now little seems to  be left of the 
original “anticlinal theory.” Great advances have been made, however, 
consequent on detailed mapping of geological structure by Government 
surveys and private geologists. While we have not. yet reached, and may 
never reach, the knowledge by which a production can be infallibly lo
cated, we may truthfully assert that geology can now save a large propor
tion of dry holes, as well as bonuses and rentals on prospective oil 
territory.

S t a t e m e n t ' o f  t h e -s t r u c t u r a l  T h e o r y

The improvement in the valu& of geology to oil development„was largely 
due to the evolution of the “structural theory.” This term seems ptefer-

“  Edward O rton : Geol. Survey Ohio, vol. 6, 1886, pp. 21 and 94.
U M. R. C am pbell: H istorical review of: theories advanced by American geologists to 

account fo r the  origin and accum ulation of -qU. Econ. Gepl., vol. 'no, 4, 1911-, pp 
362-386.
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able to “anticlinal theory,” in order to explain definitely the relations 
which accumulations of oil and gas hold to geology within certain limita
tions, even where no definite anticline or syncline exists. The structural 
theory, as understood by the writer of this paper, is as follows:

Through some means, by organic or inorganic agency- or agencies, the 
petroleum and gas have come into or been generated in the porous forma
tions in  which they are found. The deposits may have originated through 
the decomposition of plant or animal remains on an ancient sea-bottom, 
as the adherents of the organic theory claim ; or, they may be the product 
of chemical action' deep in the earth, as the adherents of the inorganic 
theory claim ; or, certain petroleum deposits may be of organic and certain 
other deposits of inorganic origin. Whichever theory is true, the oil, gas, 
and water in the formations (assumed, to have been approximately hori
zontal at the time the- substances entered them) were at first widely dif
fused in the porous formations or contiguous strata. They have re
mained in their diffused condition to the present time in many parts of 
the world, where only small quantities of oil and gas, too slight for profit
able development, have been found, and where the dip of the rocks is 
very slight.

Where the beds have been folded, however, as in the greater part of the 
Appalachian region and in most oil fields throughout the world, the oil, 
gas, and salt water have been enabled to separate out according to their 
relative specific gravities. This separation and concentration may have 
been assisted by rock pressure, diastrophism, hydraulic pressure, seepage, 
capillarity, molecular attraction, internal heat, and other causes; but 
whatever causes prevailed for the movement of the oil, gas, and water, 
the law of gravitation, being ever operative, must be considered of most 
importance in. determining their arrangement ; hence the accumulation 
was in the order of the densities of the substances.

The structural theory agrees with the anticlinal theory, of which it is 
an outgrowth, in acknowledging that on a stated anticlinal, monoclinal, 
or quaquaversal structure gas lies nearest the top, oil lower down, and 
still lower is the salt water, when present. . Whether the pools occur at 
the top of the anticlines, lower on their slopes, or in the synclines, is deter
mined by factors of secondary importance.

H ist o r y  o f  t h e  str u c tu r a l  Cl a s s if ic a t io n

What is known as the "structural theory”  or structural classification is 
a natural outgrowth of the “anticlinal theory.” The structural classi
fication was first proposed by the present writer in a paper before the
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Geological Society of. Washington on March 9, 1910,15 and published'in 
September of that year.18 While adequate to include most producing oil 
and gas structures known at the time, it manifestly needed further ex
planation and subdivision; so. that on' December 29, 1910, a paper on 
certain aspects of monoclinal accumulation was presented before the .Geo
logical Society of America in Pittsburgh, Pennsylvania, and published in 
January, 1911,17 previous to which time monoclinal pools had been sup
posed to exist chiefly in terraces. This paper was followed in June, 1912,
by one on quaquaversal or dome structures.18 A few facts were added in
191319 and a few additional facts in 193 6.20

In 1915 a classification of seepages or oil springs was proposed by De 
Golyer21 as follows :

I. Seepages associated with igneous-intrusions.
(а) A t contact zones of volcanic plugs and sedimentary rocks.
(б) A t contact zones of dikes and sedimentary rocks.
(c) Through cracks and Assures in the igneous rock itself.
(d)  As intrusions in the igneous rock.
(e) From metamorphosed rock above an intrusion which does not out

crop.

II. Seepages not associated w ith intrusions.
(а)  At crest of domes or anticlines.
(б) Along marked fau lt or fissure planes.
(c) From steeply dipping strata.
(A) Isolated occurrences of uncertain relations.

The classification of seepages did not modify the classification of struc
tures, but furnished several ideas for its further subdivision, and is men
tioned here on account of its general bearing on the subject. Since little 
criticism has been made of the structural classification as proposed by 
the present writer, which appears to have been quite generally accepted, 
it now seems time to bring it into final form, which is done herewith. 
The subdivision has been carried still further and several new classes 
added, in accordance with suggestions received from time to time.

“  Science, n. s., vol. 31, no. 801, May 6, 1910, pp. 718-719.
U A proposed classification of petroleum  and n a tu ra l gas fields based on structu re .

Econ. Geol., vol. v, no. 6, pp. 503-521.
B Notes on th e  occurrence of oil and gas accum ulation In form ations hav ing  mono

clinal dips. Econ. Geol., vol. vi, no. 1, 1911, pp. 1-12.
18 The occurrence of o i l . an d  gas deposits associated w ith  quaquaversal structure. 

Econ. Geol., vol. vii, no. 4, 1912, pp. 364-381.
“ Outline of the  geology of n a tu ra l gas in the United S ta tes. Econ. Geol., vol. vlii, 

no. 6, 1913, pp. 517-542.
80 In  a  special chap ter by F. G. Clapp : .Bacon an d  H am or’s “P rinc ip les of oil and  gas 

production,” vol. 1, 1916, pp. 34-68.
a E. De Golyer:- Econ. Geol., vol. 10, 191:5, p. 654:
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P o p u l a r  M i s c o n c e p t i o n s  o f  t h e  s t r u c t u r a l  T h e o r y

In presenting this classification it is necessary to repeat the note of 
warning that favorable structures do not hold oil in every case. The 
idea that every anticline or dome holds oil is as frequent and erroneous 
as is the impression that all coal is of Carboniferous age, and as petro
leum geologists we must do our best to correct it.

We must also remember that an anticline is rarely symmetrical, and 
that in all asymmetrical anticlines one flank is more favorable than is the 
other or the exact crest. We must realize that unconformities exist, and 
that even in the absence of unconformities strata are seldom parallel; 
also that deformation in itself may suffice to prevent an axis from stand
ing vertical. We must take full account of known and possible water 
conditions, differences in porosity, etcetera. In short, we must acknowl
edge that favorable structures are so numerous and complicated that pre
dictions based on them must be made with the greatest care, taking into 
account not only the structure itself, but all other geological and physical 
phenomena involved. It is our duty, not only to ourselves but to our 
clients, to make as fine distinction as possible and not to leave any person 
with an idea that the solution in a new and unknown field is a simple one.

T h e  s t r u c t u r a l  C l a s s i f i c a t i o n

FORMULATION OF THE CLASSIFICATION

The object of the classification is to describe the various types of ac
cumulations by grouping them into classes, each division of which follows 
a special rule of structure and all of which have certain aspects in com
mon. The classification, as elaborated to date, is as follows:

Classification of Oil and Cas Structures
I. Aclinal or subaclinal structure.

II. Anticlinal and synclinal structures.
(а) Strong anticlines standing alone.
( б) Well defined alternating anticlines and synclines.
(c) Broad geanticlinal folds.
(d ) Overturned folds.
(e) Lenticular nature of the sands.

I II . Monoclinal structure.
(o) Monoclinal noses.
(6 ) Monoclinal ravines.
(c) Structural terraces or “arrested anticlines.”
(d) Lenticular nature of the sands.

IV. Quaquaversal structures, or “domes.”
(a) Anticlinal bulges or “cross-anticlines.”



(6) Monoclinal bulges.
(c) Closed saline domes.
(d) Quaquaversal structure caused by volcanic plugs.
(e) Perforated saline domes.

V. Contact of sedimentary and igneous rocks.
(а) Contact of sedimentarles with volcanic plugs.
(б) Contact of sedimentaries w ith dikes.
(c) Contact of sedimentaries w ith intrusive beds.
{d) Contact of sedimentaries with other igneous rocks.

VI. S tra ta  dipping unconformably away from an old shoreline»
VII. Crevices of igneous rocks.

VIII. Crevices of sedimentary rocks.
IX. Faults.

(а) Upthrow side.
(б) Downthrow side.
(c) Overthrusts.

X. Sealed in  by bituminous deposits.

CLASS I— FIELDS IN  AC LIN AL OR SUBACLINAL STRUCTURE

The term acline is defined by Webster’s Dictionary as “Without in
clination; horizontal.” It differs from “acclinal,” which means leaning 
on another stratum. True aclinal formations are rare in geology. There
fore, though proposed by Johnson and Huntley as a part of a summarized 
classification, it does not need consideration here, except to explain that 
the main cause of oil and gas accumulations is some sort of inclination 
and folding. Where these do not prevail the oil, gas, and water remain 
in their original unassorted state, and we have no pool of commercial 
value. A corollary to this principal has been observed in many localities 
where the sands Tare nearly, though not absolutely, flat, and a large num
ber of wells get traces of oil and gas, while little in quantity exists at any 
particular point.

Properly speaking, we may define subaclinal beds as those approxi
mately flat, sometimes not dipping over 10  to 20  feet per mile, too slight 
a dip to fully separate the oil and gas from the accompanying water. 
Occurrences of gas ór oil in such regions are generally mere showings, 
encouraging to a prospector, but seldom resulting in real production. The 
Electra pool in Texas is, howéver, mentioned by Johnson and Huntley as 
an example of aclinal structure, the maximum dip being only 15 feet per 
mile.

CLASS II— FIELDS ASSOCIATED W ITH  ANTICLINAL AND SYNCLINAL
STRUCTURES

General discussion.—This is the class of oil accumulation with which 
we are most familiar. I t  is generally supposed to predominate in a

560 F . G. CLAPP— CLASSIFICATION OF PETROLEUM  AND GAS FIELDS
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majority of oil fields of the world, and as a matter of fact is common 
in the Appalachian, Ohio, Indiana, Illinois, Mid-Continent, Wyoming, 
northern Louisiana, and some of the California fields in this country, 
and supposedly in the Russian, Austrian, Burma, and Borneo fields in 
the eastern hemisphere. Class II is divided into five subclasses, in order 
to distinguish between various structural relations in which oil is found 
associated with anticlines and synclines.

F ig u r e  1.— Exam ple o f subaclinal S truc ture  (Class I )  in  Stephens County, Oklahoma 
Scale: 1 inch =  1.45 m ile; contour in terval, 20 feet

The best known examples of the distinctions in Classes I I  and III  
come from Ohio, West Virginia, and Pennsylvania, where some of the 
largest oil and gas fields exist. A generalized cross-section of these fields 
from west to east is shown in figure 2. In this section the pools of Sub
class 11(c) are situated on the crest of the Cincinnati geanticline in north
western Ohio and northeastern Indiana, the oil and gas being contained



in the Trenton limestone. The pools of Class III  are on the broad mono- 
clinal dip of over 200 miles extending across central and eastern Ohio, 
in which the oil and gas occur mainly in the Clinton and Berea sands. 
Near the Pennsylvania boundary line the dip becomes stronger and more 
variable, changing the monoclinal dip laterally into definite anticlines 
and synclines, and it is in these structures that pools of Subclass II(&) 
exist. Anticlinal and synclinal structures are more and more prominent 
eastward, until in near central Pennsylvania and in central West Vir
ginia metamorphism appears to have been sufficient to drive out all im
portant accumulations of oil or gas, which, although they presumably 
once existed, escaped to the surface and disappeared long ago.

Symmetrical anticlines.— A good example of a symmetrical anticline 
is, according to Thompson,22 the Yenangyuang oil field of Burma, which 
has yielded the main oil supply in that country from sands of Lower 
Neocene age, where dome structure is well displayed. The Bibi-Eibat 
field of Eussia is mentioned by the same writer as another symmetrical 
anticline, modified by doming and faulting.

Asymmetrical anticlines.— Asymmetrical anticlines are, however, most 
prevalent in oil fields, examples of these being the Grosny field of Eussia, 
the Yenangyat field of Burma, and the Campina field of Eoumania. A 
cross-section of the Grosny field is given by Kalitsky,23 of the Yenangyat 
field by Pascoe,24 and of the Campina field by Mrazek.25 Many of the 
fields of Galicia are of this nature, a good instance being the Boryslav- 
Tustanowice field, which is the principal field of that country.26

Subclass 11(a)— Where strong anticlines exist standing alone.— In this 
division are included fields that bear a direct relation to very pronounced 
uplifts, easily recognizable, and constituting a marked geologic feature of 
the region. The only prominent example in the eastern fields of the 
United States is the Volcano anticline in West Virginia. This anticline 
is 25 miles in length, ranging in trend from north 10° west to north 20° 
east, from an eighth of a mile to half a mile broad on its flat cre^t, and 
has side dips of from 20 to 60 degrees. The anticline differs somewhat 
in direction from the main Appalachian folds and was probably produced 
by a different set of forces. It is one of the earliest recognized anticlines 
in the country, having had a great number of wells drilled on it, and has

22 A. Beeby T hom pson: T rans. Instn . of Min. and  Met., vol. 20, 1910-1911, p. 219 
(1911).

28 K. K a litsk y : Mem. Geol. Com., St. Petersburg , no. 24,_ 1906.
a E. H. P aseoe: Records Geol. Survey India, vol. 34, 1906.
*  R. L. M razek : Congress In te rn a tio n a l du Petrole , 1907.
*• J . G rybow ski: Bull. Acad. Sci., Cracow, 1907.
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F ig u r e  3 .— Geological S tru c tu re  of a P ortion  of the  Volcano A ntic line  in Wood, R itchie, 
W irt, and P leasants Counties, W est Virginia  

Showing type of fields of Subclass I I  ( a ) ,  bounded on both sides by unproductive sub- 
aclinal s tru c tu re  of Class I. Contour in terval, 100 feet. (A fter I. C. W hite, G. P. 
Grimsley, and Roy V. H en n en : County repo rts and maps of P leasants, Wood, and Ritchie 
counties, W est V irginia Geological Survey, 1910.)
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been described by White,27 Andrews,28 and Evans.* A map of a typical 
portion of it is shown in figure 3. The pools of the La Salle anticline 
in Illinois and some of the California fields belong to this class, as does 
at least one field in Oklahoma and several in Texas.

Subclass 11(b)—Where well defined alternating anticlines and syn- 
clines exist.— This may be considered as a composite of Subclass 11(a). 
With minor exceptions, it includes the pools of the Appalachian field in 
Pennsylvania and West Virginia, some in southern Indiana and Illinois, 
certain Oklahoma fields, the Caddo field of Louisiana, and certain fields 
in Wyoming. The anticlinal crests in this subclass range all the way 
from 2 or 3 miles apart, as in Trinidad, to the great geosyncline of the 
Ohio Valley, which is at least 200  miles across.

The strata in the fields of Subclass I I (&) are folded into alternating 
anticlines and synclines having dips seldom more than 30 degrees from 
the horizontal. This is the subclass to which the anticlinal theory’was 
originally applied. I t  is illustrated in figure 4, where the sand is or has 
been w et; but the oil field occupies the syncline, where the sands are prac
tically dry in a region.

The Caddo field has geologically nothing in common with the Spindle- 
top, Humble, Jennings, and other fields in the Coastal Plain of Louisi
ana and Texas, but it has certain similarities in structure with the fields 
of Pennsylvania, West Virginia, and Illinois. In  northern Louisiana the 
great oil-accumulating structure is the Sabine uplift, and the local dis
tribution of oil and gas is due to minor anticlines and synclines, accom
panied by differences in porosity of the Upper Cretaceous formations 
which exist there.

Several,of the California oil fields also belong in this class, namely, 
the Coalinga field and the Los Angeles field, according to descriptions by 
Eldridge29 and by Arnold and Anderson.30 The Baku and Surakhany 
fields of Russia and the Yenangyuang field in Burma appear to come in 
this subclass. The Negritos and Lobitos fields in Peru are reported to 
lie on the eastern flanks of an extensive series of anticlinal structures, the 
axis of which is almost parallel to the Pacific Ocean.

Subclass 11(c)—Broad geanticlinal folds.— This is an extreme type of 
11(a). By a geanticline is meant an anticline which is extremely long 
and broad and constitutes more than a local feature, extending over 
thousands or tens of thousands of square miles. One of the best examples

27 I. C. W hite: Bull. Geol. Soc. Am., vol. 10, 1899, p. 29.
28 E. B. Andrews: Am. Jour. Scl., 2d ser., vol. 32, 1861, pp. 85-93.
* E. W. E vans: Am. Jour. Scl., 2d ser., vol. 32, 1866, pp. 334-343.
29 Geo. H. E ldridge: Bull. 213, U. S. Geol. Survey, 1902, pp. 306-321.
30 Ralph Arnold and Robert Anderson : Bull. 357, U. S. Geol. Survey, 1908, pp. 70-71.
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Tt illustrato«  occurronc«» of oil according to Subclasses II (ri), I I I  <ri), etcetera. (A fter Arnold and Johnson)
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and the oil still lower on its flank. Another example, after Arnold, is 
shown in figure 7.

C LA SS I I I — M O NO CLINAL STRU CTU RE

General discussion .—The question arises whether to use the well known 
term “monocline” or the recently suggested one, “homocline.” AVe find, 
on consulting Webster’s New International Dictionary (1910), that 
homocline does not appear, while monocline is defined as “having, or

S c a l e  o f M ile sI * * o___
4  P ro d u c tiv e  Oil Well P ro d u c tiv e  G a s  Weil + S h o w  o f Cv
if S h o w  o f G oa ♦  U n p r o d u c tiv e  W ei I (dry hole) o  W ell

F ig u r e  8 .— S truc ture  Map of Gas Pool in  Clinton Sand near W ooster, Ohio 
Showing occurrence on a  monoclinal nose according to Subclass III  (a ) . Contour interval, 

10 feet. (A fter C. A. Bonine, in B ulletin  621-H, U. S. Geological Survey, 1915)

pertaining to, a single oblique inclination; as, a monoclinal fold or flex
ure.” A monoclinal flexture as distinguished from a fold is defined, 
quoting, .from W. B. Scott, as. “a single, sharp bend connecting- strata 
which lie at different levels and are often horizontal excepting along the 
line of flexure.” A monoclinal fold, therefore, is any obliquely inclined 
series of strata dipping entirely in one general direction.
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in this country is the Cincinnati anticline, in which immense reservoirs 
of oil and gas have been developed and exhausted from the Trenton lime
stone. Owing to thè broad areas under which oil is found in the Cin
cinnati anticline, the chances of success in drilling were originally much 
better than in other fields. The pools in the Clinton sand in Ohio are 
situated along the eastern flank of the Cincinnati anticline, but these 
pools belong under ('lass 111. A cross-section of the Trenton limestone 
field appears in figure 2. Another great geanticline, which is important 
for natural gas development, is that in western Canada, extending north 
from the International Boundary to the Athabasca River.31

Subclass 1 1 (d )— O verturned fo ld s .—Examples of oil and gas occurring 
in connection with overturned folds are not common, but instances are

F ig u r e  6 .— Ideal Section in  a pinching Sand  
Showing the relations of gas, oil, and w ate r according to Subclasses II  (e) and I I I  (d)

conspicuous in California, as shown by Arnold and Johnson (figure 5).32 
In this case the overturned formations are the retaining ones, while the 
oil is contained in the synclinal portion of the sand. Other instances are 
reported from Galicia and Eoumania.

Subclass 1 1 (e )— L en ticu la r  nature o f the sands.—In all types of struc
ture there are numerous instances where the sandstones or other porous 
oil-bearing beds are locally too hard or close grained to hold the oil or 
they pinch out laterally between shale beds. I t is necessary, therefore, 
to add a new subclass under Classes II  and III to include these lenses. 
A typical example is shown in figure -6, where the sand pinches out toward 
the anticlinal crest, causing the gas to collect on the side of the anticline

81 F. G. Clapp and L. G. H untley  : Petroleum  and n a tu ra l gas resources of Canada, by 
F. G. Clapp and  others, vol. ii, 1915, pp. 271-272.

82 Ralph Arnold and H arry  AV. Johnson : Bull. 406, U. S. Geol. Survey, 1901, p. 97.
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F ig u r e  7 .— H ypothetica l Section  through the Coaling a Oil F ield in  California 

I t  illu stra tes  the occurrence of oil according to Clai-s I II . (A fter A rnold and Anderson)
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Notwithstanding the old definition, however, a new term—homocline—  
was introduced by Daly,33 to apply to monoclinal folds (those having a 
single oblique inclination). This term has apparently beeñ tacitly 
adopted by some petroleum geologists; but since the term monocline, 
meaning the same thing, appeared in our original classification, and has- 
been generally applied before and since, no change is being made here. 
This term monocline was proposed by W. B. and H. D. Bogers in 1842, 
and since oil men have, by the geologists’ persistent efforts, finally been 
educated to its use, the term homocline, while valuable in a scientific 
geologic sense, would in this classification accomplish 110 practical results. 
Monocline is used by Anderson and Pack in a recent bulletin,34 where it 
is defined, as “in conformity with general usage, to mean a succession of 
beds dipping in one direction.”

A monoclinal dip is seldom, if  ever, perfectly uniform for many miles 
continuously, and it  commonly has many changes of dip in  short dis
tances. Figures 8 and 9 are examples of monoclinal structure in Ohio, 
where one of the best known monoclines exists, the “lay” of the productive 
sands being represented by stricture-contour lifegs. The rate of dip 
ranges from 20 to 200 feet per mile, according to locality. The steeper 
dips are generally confined within small areas, while the gentler ones are 
frequently uniformly continuous for many miles.

Judging by our detailed surveys, the evidence seems conclusive that the 
oil has been widely disseminated in the porous strata, and ultimately 
accumulated at favorable positions where the regularity of the dip is in
terrupted locally. Gas, in such cases, has collected on the up-dip side, 
where the sand is interrupted by pinching out, according to Subclass 
11(d), or by local flattening, according to Subclass 11(c). Oil has col
lected,on the down-dip side, generally where the change in rate of dip is 
most pronounced. In the Bremen pools of Ohio the most productive oil 
wells' are situated at the points of greatest change in the rate of dip. 
Since the sand in those pools is perfectly dry, the accumulations are pre
sumably due to catchment of the descending oil by these interruptions 
during the process of lowering of the original water level in the sand.

Cause of monoclinal accumulations.— In searching for the cause.of the 
accumulations of oil such as the Bremen, Straitville, Junction City, 
Mingo, Cadiz, and óther pools in" strata of monoclinal dip in Ohio, and 
in similar but less familiar fields in Kansas and Oklahoma, the first step 

“was the collection of numerous well records and data from which to de
termine whether the porous cháractér of the productive sands was limited

33 R. : W. Daly : Canada,. Dept; pf Mines* Geotv Survey Meffioir. 68, p. 5&.
Robert Anderson and Robert W. Pack: Bull. 603, U. S. Geol. Survey, 1915, p. 109.



to the productive areas, whether the internal character changed in any 
way so as to make it incapable of holding oil, whether the sand disap
peared on the borders of the pools, or whether the areas of productivity 
were independent of these features.

During the first field-work done in regions of monoclinal dip, many 
years ago, data were obtained which subsequent evidence in many fields 
has not refuted—that is, data indicating that the gas, oil, water, and dry

570 1 '. G . C L A P P -----C L A S S IF IC A T IO N  O F  P E T R O L E U M  A N D  GAS F IE L D S

F i g u r e  9 . — Map illu stra tin g  the  Occurrence of Petroleum  on structura l Terraces, in 
southeastern Ohio, according to Subclass I I I  (c)

A fter Griswold and Munn. F or explanations see figures 3 and 8. Contour in terval,
10 feet

areas in a persistent sand horizon are, as a rule, independent in their 
general distribution of the character or thickness of the sand. Some dry 
holes are found, even in the center of the best pools, due to the thinning 
out or hardening of the sand locally, and holes having sand of these char
acteristics exist also in extensive dry areas; but among the hundreds of 
dry holes drilled to the Clinton sand east of the main gas belt in Ohio 
the great majority contain sand to all appearance as suitable in texture 
and thickness as most of the sand in which oil and gas are found. This
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conclusion was reached in part by personal examination of samples and 
in part by talking with the drillers of the wells.

The question then arose whether hydrostatic or hydrologie conditions 
may not have been responsible for the position of the accumulations. To 
a certain extent this seemed to be true, since many of the oil pools in the 
Berea sand are bounded on their down-dip sides by pools of salt water; 
and following the hypothesis further, it was found that still farther down 
the dip other oil and gas pools existed, which in turn were usually 
bounded by salt-water pools on their down-dip sides. So far as could be 
learned, the position of the water pools, rather than the oil or gas pools, 
was determined by a retaining terrace or barrier of close-grained sand. 
The best known examples of this condition are in the Pan-Handle of 
West Virginia and in Oklahoma and Kansas, where pool after pool has 
been discovered by the oil men, the last to be discovered being farthest 
down dip. All, however, appear to be dependent predominantly on 
structure.

A similar condition of affairs was found in the development of the 
Clinton sand fields of central Ohio. The Bremen pool is situated down 
dip from the main gas belt, and still farther down dip is the Junction City 
pool. Similar relations prevail throughout the Clinton fields. Between 
all of the pools barren areas exist for short distances. While it is true 
that in some of these barren areas the Clinton sand was found to be 
locally hard, thin, or close, it is equally true that in the great majority 
of cases it  maintains its wonderfully uniform character without regard 
to whether it holds oil or is dry.

One other important factor remained to be considered, namely, struc
ture. When this was worked out in detail for any particular field, the con
clusion was reached in nearly every case that the peculiar structures asso
ciated with the oil pools are too multifold in their correspondence to be 
caused by mere chance agreements. When considered in a broad light, 
the common feature bf most oil pools on monoclinal dips seems to be 
their occurrence at points of interruption in the general rate of dip.

Types of interruption.— On a monoclinal dip there seem to be two 
main types of interruptions: (1) Those due to longitudinal warping, 
parallel with the direction of strike of the sand, and (2 ) those due to 
latéral warping, parallel with the direction of dip. The last-mentioned 
type produces structural “noses,” as illustrated in figure 8. The first 
type of interruption produces a “ravine” or “notch” in the monoclinal 
slope, such warpings being common in the Ohio fields. The ravine-like 
structure, being a conspicuous type of abnormality in monoclinal dip, 
seems to be very favorable for oil occurrence where the sands are dry.

XLIV— Bu ll . Geol. Soc. Am., Vol. 28, 1916
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Actual determinations of the structure of the Clinton sand under exten
sive areas have shown that where types ( 1 ) and ( 2 ) intersect, as in many 
localities in the Bremen pools of Ohio, the largest accumulations of oil 
are found.

It is evident that fields of commercial importance will not commonly 
occur in regions of plane monoclines any more than they will in absolute 
aclines, since no factors of separation exist, with the one reservation, 
that if the sands contain water, as most sands do at some locality or 
other, an oil pool is likely to rest on it. However, some degree of in
clination is necessary to cause the separation, and it is found in practice 
that where this dip is less than half a degree the separation is so incom
plete as to cause few, if any, commercial pools. Manifestly, the only way 
to locate an oil pool on a plane monocline is to drill for it, since the sur
face structure will afford us no aid.

In the great monocline of central Ohio the water level has never been 
found in the Clinton sand, although wells 4,000 feet deep have been 
drilled. It is believed by geologists and the scientific oil men that when 
this water is ultimately found, somewhere beneath eastern Ohio, a large 
pool of oil will be found resting on it, similar in its trend to the great 
central Ohio gas field.

Subclass I I I  (a )—Monoclinal noses.— Attention was first called to the 
monoclinal nose type, but without any particular name, by the present 
writer in 1910.35 This type of structure is very common in the gas fields 
of central Ohio, and figure 8, from a bulletin on the "Wooster field,38 will 
illustrate it. Examples are also frequent in the North Texas fields, and 
unfortunately have been confused with anticlines by some undiscriminat- 
ing persons.

This type may be considered as a less prominent form of Subclass 
I I I (c ) , in that the terrace is not a well defined one. While it  has been 
noticed by the writer mostly in Ohio and Oklahoma, a number of ex
amples have been reported by Gardner and others in Kentucky.

Subclass 111(b)—Monoclinal ravines.— The term “structural ravine” 
was perhaps first used by the writer in 1911,37 having exactly the same 
relation to an inclined sand as a topographic ravine would have in a 
sloping hillside. In  the revised classification the term is changed to 
“monoclinal ravine,” as being somewhat more specific.

Subclass 111(c)— Structural terraces or “arrested anticlines.”— Ter
race structure was first described by Orton in  1866.38 The terraces de

•  Economic Geology, vol. v, no. 6, 1910, p. 508, fig. 53.
®> C. A. Bonine: Bull. 621-H, U. S. Geol. Survey, pi. xlli.
37 Econ. Geol., vol. vl, no. 1, p. 10.
88 Edward O rton : Science, vol. 7, p. 563.
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scribed by him were in the Findlay field of northwestern Ohio, where the 
oil and gas existed in two terraces, separated by a short monocline. The 
upper terrace yielded dry gas, the lower one yielded oil and water. While 
structural terraces might be described under Class II, they are more prop
erly a variety of monoclinal structures, and an extreme case of Subclass
III  (a) or (&). They were named by Orton39 “arrested anticlines,” and 
the Macksburg field of southern Ohio was cited by him as an example. 
The terrace structure of the Macksburg field was first recognized and de
scribed by Newhall in the same volume.

During the past two decades hundreds of structural terraces have been 
discovered in southeastern Ohio, Kansas, West Virginia, and to some 
extent in other States, and most of them are available for oil and gas 
development. Generally, though not always, the structure can be prac
tically determined from the geology of the surface without the need of 
borings until one is ready to make his test. Other good examples of ter
race structures and relations of oil to them have been described by Gris
wold and Munn in Jefferson County, Ohio,40 and figure 9 is an illustra
tion of this class of structure taken from their report.

Subclass I H fd )—Accumulations on monoclines due to thinning out 
or change in texture of the sand.—While it has been said that texture or 
dying out of the sand is not responsible as a rule for the exact positions 
and limits of oil pools on monoclinal dips, there are exceptions to this 
statement. In the Louisiana fields some of the oil and gas accumulations 
are contained in lenticular sands, which thin out or grade into shale 
laterally.41 This appears to be much more frequently true in Kansas, 
where the sands diminish in importance northward, than it  is in Okla
homa, where they are more persistent. In such cases the relations of oil, 
gas, and water contained in the sands are commonly similar to their gen
eral relations in any other monocline, except that the outlines of the pools 
are bounded by the extent of the sands (see figure 6 ). Similar lenticular 
sands are abundant in the California fields, where the structural relations 
are described and illustrated by Arnold.

Doubtless a great number of cases of this type exist; but the best known 
is that of the so-called Clinton sand of Ohio (in^reality the Medina sand), 
which rises from a great depth in the Appalachian basin and gradually 
thins out as it approaches the surface in central Ohio, so that it never 
reaches the surface, the feather edge being bounded by shale, furnishing 
an ideal substitute for an anticline and being a repository of one of the

39 Geology of Ohio, vol. 6, 1888, p. 94.
»  Bull. 318, TJ. S. Geol. Survey, 1907.
**■ G. D. H a rr is : Bull. 429, U. S. Geol. Survey, 1910, pp. 128-129.



greatest gas fields in the world, on the lower border of which are the 
Bremen, Wooster, Straitsville, and other oil fields. A cross-section of 
the west side of the Appalachian basin, illustrating Subclass 111(d), is 
shown in figure 2.

Oil occurs in lenses in either of two ways: ( 1 ) in the upper end of a 
pinching-out lentil, and (2 ) where the latter is dome-shaped, in the 
upper part of this dome. Doubtless a large number of instances of the 
second class exist, but they form local phenomena of pools rather than a 
cause of an independent pool.

C L A S S  TV— Q TJAQ XJ¿VERBAL S T R U C T U R E S , O R "D O M E S ”

General discussion.—In the classification of oil pools, the subdivision 
entitled “Quaquaversal structures” is considered to include those struc
tures in which the oil sand dips away in all directions from a central 
point, including the saline domes of Louisiana, certain domes in Okla
homa and West Virginia, the basalt plugs of Mexico, and the perforated 
and non-perforated salt domes of Eoumania and Hungary.

iSubclass I V (a )—Anticlinal bulges or “cross-anticlines— This type 
of structure merges with those described in Subclasses 11(a) and II  (ft) 
of the classification, since practically all anticlines consist of alternate 
contractions and bulges where their crests are respectively depressed or 
elevated. The term “cross-anticline” has been sometimes applied to these 
domes or bulges, but not always correctly so—-as, for instance, at Jack
sonville, Greene County, Pennsylvania42—where the deepest part of the 
Ninevah syncline lies directly opposite the highest part of a dome on the 
Washington anticline.

This is one of the types to which the anticline theory, as originally 
promulgated by I. C. White, can be applied without modification. In the 
illustration mentioned, the strata dip northwest toward the Ohio River 
syncline, southeast toward the Ninevah syncline, and northeast and south
west it plunges into a long structural fold which extends from the vicinity 
of Cannonsburg, Pennsylvania, southwest into Wetzel County, West Vir
ginia. In other words, the Jacksonville dome or bulge has the shape of 
an inverted basin.

Anticlinal bulges are of all shapes and sizes, but those of great length 
would hardly be recognized a,s domes and are not here considered, since 
they bélong strictly to Subclass 11(a). Anticlinal bulges exist in many 
place's iñ Pennsylvania and West Virginia, in a few counties in Ohio, and 
are frequent in Wyoming. The fact that the Wheeler and Healdton pools

574 P . G. CLAPP----CLASSIFICATION OP PETROLEUM AND GAS FIELDS

12F. G. Clapp: Rogersvllle foilo, No.'140, U, S, Geol. Survey, 1907.
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in southern Oklahoma and the Petrolia pool in northern Texas owe their 
position to distinct doming of the strata seems to have been first men
tioned by Gardner,43 the structure of the Petrolia pool being originally 
worked out by Udden and Phillips.* The anticlines and domes have since 
been mapped for the United States Geological Survey and by the author 
of this paper, as well as many other geologists in private work. The 
doming is supposed to have taken place both before and after the deposi
tion of the Permian red beds, which, near the Arbuckle and Wichita 
Mountains, lie unconformably on the Pennsylvanian series. Oil exists 
both in the Pennsylvanian and Permian.

Subclass I V ( b ) —Monoclinal bulges.— This type is frequently confused 
with the anticlinal-bulge type, but is quite distinct in structure. Anti
clinal bulges are expansions and elevations in the crest of definite anti
clines or continuous folds, while monoclinal bulges are domes that rise 
with apparent irregular spacing on a monoclinal slope in which struc
tures of Class I I I  also exist. In Subclass I Y ( b )  the monoclinal structure 
gives place locally to a quaquaversal structure. On the great monocline 
of central Ohio few domes are known in the Clinton sand and are fre
quently absent in the Berea for long distances. In Kansas and Okla
homa, however, monoclinal bulges form one of the commonest forms of 
structure, an illustration of which is given in figure 10. Since in that 
part of the country the sands are commonly saturated with water, the 
oil and gas both occur on the dome itself.

Subclass I V (c )— Closed saline domes.— History of saline dome devel
opments.— The credit of discovering that this form of domes contains oil 
is due largely to Captain Lucas,44 who in 1901 drilled a well at Spindle- 
top, Texas, and discovered a famous field. As early as 1894 diamond- 
drill borings had been made by him at Jefferson Island, Belle Isle, Weeks 
Island, and Anse La Butte, Louisiana, discovering salt masses of limited 
area, but of great depth. In 1899 a paper on this subject was first pub
lished by Lucas45 and the discoveries were confirmed by a paper published 
by H ill in 1902.46 The last-mentioned writer says:

“Before the discovery of Spindle Top there was only one man whose ideas— 
although not yet coordinated into a theory—approximately fitted the observed 
conditions. Of course, I  refer to Captain Lucas, who, in  his explorations of 
the Coastal Plain, seeking successively salt, sulphur, and oil, had observed the

43 James H. G ardner: Econ. Geol., vol. 10, no. 5, 1915, pp. 422-434.
* J. A. Udden and D. McN. Ph illip s: Tex. Univ. Bull. 246, 1912.
44 A. F. Lucas: The dome theory of the Coastal Plain. Science, n. s., vol. 35, no. 912, 

June 21, 1912, pp. 961-964.
45 Rock-salt in Louisiana. Trans. Am. Inst. Min. Engrs., 1899; also Journ. Ind. and 

Eng. Chemistry, vol. 4, no. 2, Feb., 1912.
46 R. T. H ill : Journ. Franklin Inst., vol. 154, Aug. and Oct., 1902, pp. 143, 225, 263.
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associations of oil, sulphur, sulphuretted hydrogen, gas, gypsum, dolomite, and 
salt, constituting collectively w hat might be termed the oil-phenomena repre
senting a group of secondary products as distinguished from the mother-strata 
or sediments out of which they have been produced. Moreover, so fa r as I  am 
aware, he first pointed out the existence of anticlinal hills in  the Coast Prairie 
and their connection w ith the oil-phenomena. . . . Captain Lucas early
noted th a t sulphuretted hydrogen escaping from the earth  under certain condi
tions deposited sulphur in crevices near the surface. Such phenomena he ob
served a t  Spindle Top before commencing his well. A t High Island, Galveston 
County, Texas, work was temporarily suspended on a well hole and the orifice 
stopped w ith hay in  order to prevent obstructions from debris. Afterward 
when the plug was withdrawn the hay was found to be imbedded in a m atrix 
of sulphur, undoubtedly deposited by the escaping gas. . . .  No topographic 
surveys have ever been made of any portion of the Coastal Prairie, and hence 
the slight irregularities of its contour are discernible only w ith difficulty. 
Until Captain Lucas’s investigations, certain low elevations which have since 
become the most im portant features of the landscape were hardly noticed. I 
allude to low swells or hills, such as Spindle Top, which occur here and there 
and now a ttrac t attention from their supposed relation to the occurrence of 
oil beneath them. . . .  In  the generally monotonous monoclinal structure 
there are a  few wrinkles or small swells likely to escape the eye of even the 
trained observer, and yet of a  character which may have an important bearing 
on the oil problem. These are the circular or oval mounds already described 
which were first recognized by Captain Lucas. When he pointed out Spindle 
Top hill to me, my eye could hardly detect it, for i t  rises by gradual slope only 
ten feet above the surrounding prairie plains. I  was still more incredulous 
when he insisted th a t this mound, only 200 acres in extent, was an uplifted 
dome. But Captain Lucas said th a t I would be convinced of the uplift i f  I 
could see Damon’s mound in Brazoria County. In  August, 1901, I  visited that 
place and then returned for a second look a t Spindle Top and was convinced 
th a t if  these hills are not recent quaquaversal uplifts no other known hy
pothesis will explain them.”

Quoting from Lucas at a later date :47

“At Jefferson Island pure rock-salt was penetrated to a depth of twenty-one 
hundred (2,100) feet w ithout finding bottom, and a t Belle Isle rock-salt, hav
ing a depth of twenty-seven hundred and forty (2,740) feet (pierced in 1907), 
was discovered w ith parafflne oil and large lenses of pure sulphur.

“The successful results attained by his explorations in Louisiana led the 
w riter to extend the study of a nascent ‘dome theory’ into Texas and to apply 
it to  the various phenomena occurring on Spindle Top, a  low elevation of only 
ten to  twelve feet above the surrounding prairie, and to drill finally on this 
dome against the advice of his friends, w ith the well known result th a t the 
largest well ever discovered in the United States and variously estimated at 
from 75,000 to 100,000 barrels per day had its birth  on the tenth day of Jan 
uary, 1901.

47 Science, n. s., vol. 35, no. 912, June 21, 1912, pp. 962-963.



“The success of this well demonstrated the possibility of attaining economic 
results by drilling for oil, gas, and sulphur on the domes of the coastal plain. 
This theory held good throughout the hundreds of wells drilled around Spindle 
Top in  the effort to extend the area laterally, w ithout results, however, for it 
was subsequently proved th a t if  the original well had been located only sixty- 
five feet fu rther to the northwest there would not have been a discovery well.

“There are  scattered throughout the Texas Coastal Plain many well known 
domes which have been prospected directly or indirectly by the writer, the 
most im portant of which are known as Saratoga, Sour Lake, Big Hill, High 
Island, Damon Mound, Kaiser Mound, Barber Hill, Hoskins Mound, and Bryan 
Height. In  the last named mound the w riter found in 1901 hydrogen sulphide 
under heavy pressure and also native sulphur, which is now being heavily 
exploited by a  New Tork syndicate, which hopes to make th is equal to the 
sulphur mines of Louisiana. W hether or not this mound is also a  sa lt dome 
remains to be proved by deeper drilling.”

Spindletop is the best known of the saline dome type of pools. This 
dome rises only 1 2  feet above tlie surrounding prairie and the surface is 
only about 235 acres in extent. Although prospecting had been done in 
1882, 1885, and 1888, the drillers were prevented by alternating beds of 
quicksand and gravel from going deeper than 300 feet. Lucas made the 
final effort and reached the oil rock at 1 , 1 2 0  feet, the pressure being so 
great that the 4-inch drill pipe was shot from the well, after which there 
was a great rush of muddied water, followed by large fragments of dolo
mite and fossils. The well then settled to a steady flow of oil, which rose 
to a height of about 200 feet through a 6-inch pipe, and flowed continu
ously for ten days, being estimated to have flowed about 750 barrels in 
that time. The oil was very offensive in odor, saturated with hydrogen 
sulphide and sulphur dioxide, so that all houses within a radius of several 
miles which were painted with white lead, as well as all silver coins, 
spoons, and other silver in them, were blackened.

This type of quaquaversal structure was described by Hayes and Ken
nedy in 190348 and more fully by Fenneman in 1906.49 The saline domes 
of Louisiana were described by Harris in 1908,50 1909,61 and 1910.52 
The structure is typical of most of the fields in Louisiana and Texas; in 
fact of most fields in the United States situated within 100 miles of the 
Gulf of Mexico. The Caddo field, Mexia field, the north Texas fields, 
and some of the southwest Texas fields are not included in  this type.

48 C. W. Hayes and William Kennedy : Oil fields of the Texas-Louisiana Gulf Coastal 
Plain. Bull. 212, U. S. Geol. Survey.

48 N. M. Fennem an: Oil fields of the Texas-Louisiana Gulf Coastal Plain. Bull. 282, 
U. S. Geol. Survey.

60 G. D. H a rr is : Kock-salt. Bull. No. 7, Rept. of 1907, Geol. Survey of La., 1908.
51 Geological occurrence of rock-salt in Louisiana and East Texas. Econ. Geol., vol. 

4, no. 1, 1909, pp. 12-34, 8 figs.
“  Oil and gas in Louisiana. BuU. 429, U. S. Geol. Survey, 1910.
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Topography and structure.—In southern Louisiana are five prominent 
elevations known as the “Five Islands,” or the “South Islands,” which 
constitute the most conspicuous landmarks in hundreds of miles along 
the coast of the Gulf of Mexico.53 They rise from a few feet to 200 feet 
above marsh level and in area range from 200 to 1,500 acres. They have 
been frequently discussed in literature. Salt is found in all the Five 
Islands except Cote Blanche.

It should not be supposed, however, that every structure which is a 
saline dome geologically is evinced on the surface by a topographic dome. 
While instances like those mentioned above exist of the occurrence of

Salt Dolomite Clay Sand Shale Gypsum

F i g u r e  11.— Cross-section of a typical Saline Dome Oil F ield in  Texas 
A fter Hager. Subclass IV  (c )

mounds or small hills overlying the geological domes, the topographic 
dome is not an essential of the type, and many saline dome pools are situ
ated where the surface lies practically flat.

The configuration of the strata in saline domes is a matter of interest 
and great importance, as the structure is very different from the normal 
southeastward dip of the Cretaceous and Tertiary beds underlying the 
Gulf Coastal Plain of Louisiana and Texas. Whether or not there is any 
particular surface topography indicative of a dome in the locality, there 
is a very marked geological protuberance consisting of a sudden upward 
bending of the strata as they approach the edge of the dome, so that they

53 A F. Lucas : T rans. Am. In st. Min. Engrs., vol. 29, p. 464.



may stand practically vertical on its circumference. An uplift of several 
thousand feet in an area a mile across is not uncommon. While no' Cre
taceous beds of normal structure reach the surface in Louisiana, there 
are several saline domes in which these formations have been uplifted to 
the surface in limited areas. Beneath the Cretaceous beds and inter
laminated with them in the center of the domes are found extensive de
posits of rock-salt, sulphur, gypsum, and sometimes other minerals.

The term “dome,” therefore, refers to the geological structure, as illus
trated in figure 11, and in the Gulf Coast oil fields the underlying forma
tions are domed, whether the surface is so or not. At Spindletop the 
rock structure has been carefully determined on the basis of well records 
and found to have a form similar to that illustrated. The cross-sections 
of all saline domes, so far as determined, show a similar, more or less 
dome-like form, although great differences exist in local conditions. As a 
rule, sands and gravels are penetrated for several hundred feet in depth, 
then limestone or dolomite is encountered, below which sulphur, gypsum, 
and rock-salt are found. The character of these minerals is not supposed 
to have any effect on the existence of oil at the particular point; but the 
oil has been accumulated from the surrounding strata either because of a 
point of interruption formed by the upward doming of the sediments or 
because the breaking of the strata have allowed it to rise from below.

List of known saline domes.— Practically all the known saline domes 
except those discovered within the past eight years have been described 
and mapped by Veatch54 and Harris.55 The following list comprises 
some of the salines in  Louisiana: Grand Cote (Weeks Island), Petite 
Anse (Averys Island), Belle Isle, Cote Blanche, Cote Carline (Jeffersons 
Island), Anse la Butte, Prairie Mamou (Jennings oil field), Welsh, 
Chicot (Pine Prairie), Sulphur, Vinton, Hacksberry,' Negreet saline, 
Coal Bluff saline, Many, Bayou Castor saline, Browns saline, Cedar Bayou 
saline, Winnfield dome, Coochie dome, Drakes saline, Prices saline, Rey- 
burns saline, and Bistineau saline.

Some of the saline domes in Texas are as follows: Davis H ill, Saratoga, 
Batson, Big H ill, in Jefferson County; Sour Lake, Spindletop, Big H ill, 
in Matagorda County; Dayton, Humble, Barbers H ill, H igh Island, Blue 
Ridge, Hoskins Mound, Damons Mound, Kaisers H ill, Bryan Heights, 
Grand saline, Palestine, Steens saline, Brooks saline, Grahams saline, 
Markham, and Stivers saline.

Association of rock-salt and other minerals.— Salt is believed to exist 
in all domes of this subclass. The salt consists of 98 to 99 per cent
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54 A. C. V eatch: La. Geol. Survey, Rept. 1902, pp. 41-100.
“  Bull. 429, U. S. Geol. Survey, 1910.
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sodium chloride, except at Belle Isle, Louisiana, where it is saturated 
with oil. Galenite and sphalerite were also found at Belle Isle in a well 
drilled on the center of the dome; pyrites has been reported and gypsum 
and sulphur are common accompaniments. Borings made for oil and 
sulphur at Belle Isle have discovered limestone, sulphur, and escaping 
waters charged with hydrogen sulphide and sulphur dioxide, but the oil 
drawn from these wells gives no indication of sulphur.

In  Spindletop dome certain wells have passed through oil rock and 
gypsum and penetrated the salt core. The dolomitic oil-bearing rock is 
estimated as 75 to 150 feet thick. Large cavities exist in the dolomite, 
their size being estimated by large fragments shot from the wells. In 
some cases drillers report that the tools have dropped several feet into 
cavities which undoubtedly act as oil reservoirs. A test near the discovery 
well at Spindletop entered gypsum at 1,200 feet, rock-salt at 1,650 feet, 
and ended at 1,900 feet from the surface. While in some saline domes, 
oil has not been found in commercial quantities, it is known in great 
quantity in many of them, and nowhere else in extreme southern Lou
isiana and southern Texas.

Apparent absence of salt in some domes.— In a few of the Gulf Coast 
domes no rock-salt has yet been discovered. One of these instances is in 
the Jennings field, at Prairie Mamou, Louisiana, where oil was found at 
a depth of 1,800 feet. In the Welsh pool of Louisiana there is no topo
graphic evidence of doming and no salt has yet been found; but, as at 
Jennings, it is believed to exist. The best wells at Welsh are about 1,000 
feet deep. At Sulphur, Louisiana, also known as Bayou Choupique, ooz- 
ings of petroleum and gas led the Louisiana Oil Company to drill as long 
ago as 1868. Clays, sands, and gravels were penetrated for 434 feet, and 
then massive gray limestone 60 feet in thickness was encountered. Be
neath this limestone alternate layers of pure sulphur and limestone were 
found throughout a thickness of 260 feet, and still below were gypsum 
beds with occasional layers of pure sulphur. Eock-salt is as yet unknown 
at Sulphur, which is one of the great sulphur mines of the world. Since 
the profitable working of the sulphur was undertaken, there has been no 
serious attempt to exploit the oil, although heavy oil still flows from the 
upper strata into certain old test wells.

Distribution of saline domes.— Since the saline domes of the Gulf 
coast may not be conspicuous in the surface topography, and since the 
surrounding country is flat and without rock outcrops, the question is 
frequently asked whether anything can be done in those fields toward 
reliable predictions of the localities of occurrence of oil. While few at
tempts to do this have been made in a systematic way, there is no doubt
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that new fields in Louisiana and Texas are and will be predicted and dis
covered through a knowledge of the geology of the saline dome type and 
distribution of these structures.

This statement will be partly understood from the distribution of the 
saline domes along lines, sometimes perfectly straight and sometimes 
slightly curved, but which extend for many miles across the country. 
For instance, the Jennings oil field, Cote Car line, Petite Anse, Averys 
Island,Weeks Island, and Belle Isle lie on an absolutely straight line ex
tending in a northwest-southeast direction; Anse la Butte, Pine Prairie, 
Negreet, and possibly one or two other salines lie on a similar line, ap
proximately parallel to the first; Davis, Batson, Sour Lake, and Spindle
top lie on a third line, having a similar direction, and a fourth line may 
be considered as connecting Dayton and Big H ill with several scums of 
oil which have been noticed floating on the Gulf of Mexico.

Moreover, there seem to be east-west lines of saline domes. The most 
important of these may be considered as connecting Anse la Butte, Jen
nings, Welsh, Sulphur, Sour Lake, and Big H ill. The first-mentioned 
northwest-southeast system connecting known domes was mapped by 
Harris, who also plotted a northeast-southwest system, but he does not 
recognize any east and west system. Harris considers the lines as con
stituting fault-lines and believes that the domes exist at the intersection 
of two faults.

The alignment of saline domes was first mentioned by Lucas.56 It was 
perceived by Hayes and Kennedy,57 who published a map showing pos
sible lines of flexures or faults. This alignment was still further mapped 
by Harris.68 The following is a summary of the arguments given by the 
latter to account for his faith in the theory of alignment:

1. The abnormal dips found along the southeast and northeast margins of 
the “Sabine Uplift” in northwestern Louisiana.

2. A number of the individual domes have an elliptical elongation. Two of 
these are the Winnfield and Ooochie domes, which are longer northeast and 
southwest than in the other direction.

3. The Bistineau, Kings, Drakes, and Winnfield domes follow a line closely 
parallel to the outer margin of the Sabine uplift. In  Texas, Andersons, Brooks, 
and Steins domes lie on a line parallel to the Balcones fault-line. High Island, 
Big Hill, and Spindletop also lie on a straight line, and Damon and Big Hill 
a re  on the projection of a line formed by three oil scums in the Gulf of Mexico. 
Probably the most conspicuous alignment in Louisiana consists of the series 
of domes which include the so-called Five Islands and the Jennings oil field. 
This line is roughly parallel w ith the Dayton-Big Hill line.

56 A. F. Lucas: Trans. Am. Inst. Min. Engrs., vol. 29, 1899, p. 463, fig. 1.
67 C. H. Hayes and William Kennedy: Bull. 212, U. S. Geol. Survey, 1903, p. 144.
“ Bull. 429, U. S. Geol. Survey, 1910.
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4. Several so-called oil pools or scums of oil found on the surface of the 
Gulf of Mexico and plotted on the maps of the Hydrographic Bureau agree 
most remarkably in parallelism with the Five Islands.

5. H arris gives I. N. Knapp credit for the theory th a t the line formed by 
the Five Islands marks the location of a slight anticline, and H arris also states 
th a t the lower course of the Mississippi River from some distance above Baton 
Rouge to its mouth is determined by a syncline.

6. The stra ta  of the Vicksburg formation seem to have been deposited in a 
V-shaped area whose limbs correspond w ith the two general systems.

7. The isogonic lines, or lines of terrestrial magnetism, are somewhat drawn 
together along the Sabine uplift, and this is believed by H arris  to account for 
structural complications in  th a t vicinity.

Harris grouped the supposed faults into two systems, one of them being 
roughly parallel to the Eed Eiver fault and the Alabama Landing fault, 
and the second roughly parallel with the Balcones fault in Texas. Since 
the evidence for the existence of these two series is far from conclusive, 
other possible groupings are suggested here which may or may not be 
true. A most interesting coincidence seems to be that the Anse la Butte, 
Jennings, Welsh, Sulphur, and Sour Lake domes are all situated on an 
east-west line, which appears perfectly straight and is more conspicuous 
than some of Harris’s lines. It would be equally possible to plot a line 
from the Vinton, Spindletop, Barbers, Blue Eidge, and Welsh domes.

Whatever may be thought of the possibility of geological predictions 
in a flat country like southern Louisiana, it must be acknowledged that 
all the Gulf Coast pools are situated on the saline dome type of structure, 
and that many of these which contain oil lie on absolutely straight lines. 
In the entire Gulf Coast region not a single instance of success is re
corded outside of a dome.

Origin of saline domes.— At least five different theories have been pro
posed at various times to account for the origin of the Texas-Louisiana 
domes. These are as follows:

1. That the domes are old Cretaceous peaks left as monadnocks by 
denudation which cut down the surrounding country. The limited hori
zontal extent of the salt masses is good evidence against this theory, as 
the domes, are so isolated and local that they can hardly be parts of dis
sected ridges.

2. That they originated by gas pressure.
3. That they originated by water pressure.
4. That the strata were bent upward by laccoliths. This theory was 

first proposed by Hager,* and would appear to find support in the exist
ence of volcanic plugs of Subclass IV(e).  in the Coastal Plain of Mexico,

* Lee Hager : Eng. and Min. Jour., vol. 78, 1904, pp. 137-139 and 180-183.



accompanied by many of the Texas type of phenomena. The Mexican 
plugs are arranged in straight lines in a manner similar to those of the 
saline domes. An interesting fact mentioned by H ill is that hot water 
has been encountered in several of the saline domes.

5. That the domes are situated at points of weakness overlying the 
intersection of fault-lines, and that heated waters, saturated with mineral 
in solution, have risen along these points of weakness under intense pres
sure, carrying with them the sodium chloride, sodium sulphate, etcetera, 
which were deposited near the surface by a relief of pressure and tem
perature. The deposition of these minerals was naturally attended by 
crystallization, the power of which is supposed to be so great that the 
entire overlying sediments were pushed upward and outward, forming 
the domes. This theory seems to have originally been formulated by H ill 
and is the one now most commonly accepted. In the vicinity of several 
of these domes are secondary centers of crystallization which have caused 
minor domes.

Harris believes, in the words of Washburne :69

“That the amount of uplift of the s tra ta  is entirely inadequate to account 
for the amount of space occupied by the sa lt plugs, some of which have been 
penetrated by the drill nearly 3,000 feet w ithout reaching bottom. He con
cludes, therefore, tha t the sa lt cores are not laccolithic or pluglike intrusions 
into the sediments, squeezed up from a  great hypothetical sa lt bed in some 
lower formation, but rather tha t they have grown by crystallization a t  the 
places where they now occur and have not undergone much deformation. In 
other words, they are great cylindrical concretions of salt 1,000 feet or more 
across and over 3,000 feet high. He believes th a t the sa lt and the associated 
hydrocarbons were gathered by meteoric w aters which percolated through the 
sedimentary stra ta  and rose along the intersections of fissures, where the salt 
was precipitated because of the decrease in tem perature and pressure. The 
decrease in pressure would cause but a negligible precipitation, practically 
nothing. Temperature is somewhat more effective, but Lindgren“  says: ‘As 
the solubility of salt increases only slightly w ith increase of tem perature (35.69 
per cent a t 10° O.; 39.12 per cent a t 100°; 44.90 per cent a t  180°), only the 
increment could have been precipitated as the tem perature of the ascending 
current was lowered, and hence the quantity of prim ary salt required by this 
hypothesis is incredibly large.’ Let us assume th a t the solutions cooled as fast 
as the normal underground head gradient, or about 21° C. in  ascending 2,000 
feet. This would precipitate about 2 per cent of the total sa lt in a solution 
saturated a t  100°. In  other words, the sa lt cores would represent only about 
2 per cent of the total amount of sodium chloride which had risen in  the fis
sures, the rest having been carried beyond the top of the cores and lost. The 
salt cores in th is  country and Mexico number several hundred and their total

58 C. W. W ashburne: Trans. Am. Inst. Min. Engrs., vol. 48, 1914, p. 691.
60 Mineral resources of the United States (1913), p. 288.
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volume is many cubic miles. The theory of H arris, if  not modified, requires a 
supply of roughly 50 times as many cubic miles of salt.

“Yet the ‘concretionary’ theory of H arris has much in its favor, since it 
meets the mechanical requirements of the problem better than any other. The 
chemical difficulty can be met if the salt domes have been the loci of the escape 
of solutions carrying a common ion, either of sodium or of chlorine. Analysis 
of some volcanic waters shows an abundance of sodium chloride, and others of 
sodium sulphate or carbonate, but these do not meet the requirements of the 
present problem. From the character of the w ater and from the presence of 
secondary lenses of dolomite, one may infer th a t the precipitation was pro
duced by the intermingling of concentrated «alt solutions with brines rich in 
magnesium and calcium chloride. The former were probably derived mainly 
from the sedimentary strata, as suggested by H arris, but the la tter probably 
rose from underlying plugs of olivine basalt which failed to reach the surface.”

A late paper on the subject is by Norton.61 The doming seems to have 
appeared first in late Cretaceous time and to have continued to a greater 
or less degree ever since.- There is no doubt that the salt, sulphur, and 
gypsum are of later origin than the overlying sediments. Dumble states62 
that “the Sun mounds near Waller and Damons Mound are part Lafay
ette.” The salt domes of Transylvania, which belong to the same type, 
are still forming, as evinced by studies of the present writer.

The great similarity between the bosses of salt and gypsum in Texas 
and Louisiana and those of basalt in Mexico has been mentioned by Gar- 
fias.03 An ingenious European theory is that the saline domes of Ger
many, Transylvania, and Roumania have been caused by the lateral flow
ing of beds of salt into the domes owing to pressure in the overlying and 
underlying strata. So many theories, all with their advocates, and ac
companied by equally as good arguments, go a long way to support the 
view that all our material theories must in time give way to something 
more tangible than materialism.

Subclass I V (d )— Volcanic plugs.— The best known examples of the 
volcanic neck type of quaquaversal structure come from the Coastal Plain 
of Mexico, which contains oil fields connected with many types of geo
logic structure, several of which are quaquaversal. The type in question 
consists of plugs or necks of basalt and similar rocks which rise through 
the Cretaceous and Tertiary sediments in the Coastal Plain to elevations 
of several hundred feet. While little drilling has as yet been done in the 
vicinity of the necks, and the geological structure is therefore somewhat

5 1E. G. N orton: Origin of the Louisiana and east Texas salines. Am. Inst. Mining 
Engrs., Bull. No. 97, Jan., 1915, p. 93.

® E. T. Dumble: The occurrences of petroleum in eastern Mexico as contrasted with 
those in Texas and Louisiana. Fuel Oil Journal, Oct., 1915, p. 86.

•* V. R. Garflas: The effect of igneous intrusions on the accumulation of oil In north
eastern Mexico. Jour. Geol., vol. 20, no. 7, Oct.-Nuv., 1912, p. 666.



speculative, the general cross-section is presumed to be somewhat as in 
figure 12. At the base of the upheavals and surrounding them in close 
proximity the Tamasopo limestone and overlying formations form pockets 
or places of catchment where large deposits of oil have accumulated. In 
the Tamasopo limestone and the San Felipe beds these oil deposits were 
presumably concentrated from surrounding portions of the same strata, 
owing to the upheavals mentioned; possibly with the assistance of heat.

The presence of the oil accumulations surrounding the plugs is some
times, although not always, evinced by large seepages of oil. Some cases 
are known where the lower beds actually reach the surface and a true
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F ig u r e  1 2 .— H ypothetical Cross-section of a volcanic P lug in  the  Coastal 
Plain o f Mexico

Showing occurrence of petroleum  according to Subclasses IY (d),  V (d ), and Class V II

quaquaversal structure exists. Whether this is common has been doubted,64 
but it ig certain that definite doming does exist surrounding some of the 
plugs. At any rate it is a fact that where the plugs exist pockets of oil 
have accumulated, and the conical plugs themselves may be considered as 
quaquaversal structures.

It would appear that large deposits of oil might be expected in the 
vicinity of such intrusive masses in all cases where porous sands are over
laid by a suitable cover to prevent the escape of oil. Where the imper
vious covering or cap rock is unusually thick or without fractures, seep
ages may be absent, although they exist in the vicinity of most of the

64 E. De Golyer The effect of igneous in trusions on th e  accum ulation of oil in  the 
Tampico-Tuxpam region, Mexico.; Econ. Geol., Nov.-Dee., 1915.
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basaltic cones. One case was seen where asphaltic oil was flowing down 
the side of a cone from a breccia included in the basalt 50 to 60 feet above 
the surrounding plain. I t  is supposed that this oil entered the basalt 
through fissures, which extend into the plug from the oil sand, and that 
its passage through the basalt was caused by the great pressure under 
which it existed.

Volcanic necks of basalt are scattered at wide intervals throughout the 
Gulf Coastal Plain of Mexico. The greatest center of volcanic activity 
was the Otontepec and Tantima Mountains, several thousand feet in 
height, in the State of Vera Cruz. The volcanic activity seems to have 
become less at increasing distances from these mountains and decreased 
almost entirely before reaching the Rio Grande far to the north. The 
majority of the plugs are only a few hundred feet in height and some of 
them less than 10 0  feet, and it is probable that many exist which never 
reached the surface. The geological relations of the basalt renders it 
undoubtedly of more recent origin than the Coastal Plain sediments; and 
although frequently no disturbance can be discovered surrounding the 
plugs, there is no doubt that such disturbances do exist and that Subclass
IV  (d ) is a necessity.

No igneous rock has been definitely proven in saline domes; but Cap
tain Lucas thought he had igneous rock beneath the salt in a 3,300-foot 
well at Belle Isle, Louisiana.65 That the volcanic neck type is presumably 
more common than is yet known is evinced by the fact that on the south
ern edge of the Transylvanian basin in Hungary, where saline domes are 
the prevailing type, arranged in linear series similar to those of Lou
isiana, is one prominent instance where a plug of basalt rises above the 
plain instead of the saliiie dome which is due at the particular point.

Subclass I V (e )—Perforated saline domes.— In Transylvania and Rou- 
mania the saline dome type of structure has frequently reached an exag
gerated phase, owing to the fact that the dome-shaped salt masses have 
reached the surface of the earth, and that the surrounding strata have 
been compressed outward to such an extent that they stand vertical, or 
even are overturned in a narrow belt surrounding the dome. In Rou- 
mania large oil fields are found in such structures, which were originally 
described by Professor Mrazek as “diapir structure” or perforated domes. 
While this type may exist in  America, it is not known to  the writer as 
oil-bearing. In New Brunswick certain gypsum deposits appear to be of 
similar structure and probable origin, but are not supposed to contain oil.

Perforated domes may be considered as a class intermediate between

“ A. F. Lucas: Trans. Am. Inst. Min. Engrs., vol. 48, p. 683...

XLV—B oll . Geoi,. Soc. Am., V ol. 28, 1916



Subclasses IV(c) and IV ( d) .  So far as we know, the oil-bearing domes 
of this type are limited to Roumania; but others appear in Transylvania 
which appear not to have been adequately tested. Figure 13 is an illus
tration of a perforated dome in Roumania after Bosworth.66

It is probable that some of the saline domes of the Gulf Coastal Plain 
of the United States may be of the perforated type; but if so little, if any, 
oil has been found in them and none has been found in the perforated 
domes of Transylvania. In Roumania oil occurs in association with per
forated domes, among other places in the Baicoi field, as illustrated by 
Thompson.67
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F ig u r e  13 .— Cross-section of Oil F ield a t  Baicoi, Roum ania
I llu s tra tin g  occurrence of oil according to Subclass IV (e). A fter Bosworth. Petroleum

Review, M arch 23, 1912

F eatures common to all types o f quaquaversal s truc tu re .-—Although 
many differences exist between oil fields of Types I V (a), (b ), ( c) ,  ( d) ,  
and ( e), these subclasses are similar in many respects. First, in order 
to hold oil, they must combine all of the several factors which appear 
essential in every field, namely: (1) a porous stratum, to hold the oil; 
( 2)  an impervious cover, to keep it from escaping, and (3) some sort of 
geological structure by which the oil, gas, and water may have been sepa
rated and the oil concentrated in one locality. In anticlinal and syn
clinal fields the structure or folding of the beds has acted as factor (3) : 
henee we may expect to find gas on the up-dip side Or nearest the crest of

68 P et. Review, M arch 23, 1912,-p. 1 72 .
07 A. Beeby Thom pson: T raus. Instn . Min. an  (3 Met,, vol. 20, 1910-3911, p .2 2 3 , fig. 40.
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the dome, water on the outskirts and oil between, generally at the point 
of greatest change in rate of dip. This relation appears true in all fields, 
though in some saline dome fields the dip is so steep that water is pumped 
in large quantities from the same well as the oil. Moreover, gas is not 
such an important commercial factor in quaquaversal structure as in cer
tain other types of oil fields. An evidence that the structure constitutes 
the concentrating factor is brought from the Louisiana and Texas fields, 
where hundreds of wells have been drilled away from the saline domes, 
with a result that no oil was found. In this class of fields, as in the 
monoclinal and anticlinal types, the oil seems to have been widely dis
seminated in the porous strata and ultimately accumulated at favorable 
points where the regularity of the dip is locally interrupted, or where 
held in by water, gas, dikes, faults, or by pinching out of the porous 
strata.

C L A S S  T — C O N T A C T  OF S E D IM E N T A R Y  A N D  IG N E O U S R O C K S

Subclass V (a )—Contact of sedimentaries with volcanic plugs.— The 
importance of this class is attested by the fact that the close association 
of seepages with the volcanic plugs of Cerro de la Pez and Cerro de la 
Dicha was the direct cause of the discovery of the Ebano field, the first in 
Mexico. A large number of seepages also occur surrounding volcanic 
plugs at Cerros Chapapote and Las Borrachas near Juan Felipe; Cerros 
Palma Real and Cacalote near Potrero de Llano; Cerro Pelon near Solis; 
Mata de Chapapote, at Caracol and Apachiltepec on Tlacolula, and many 
other places.

The principal function of igneous intrusion in the accumulation of 
oil is believed by De Golyer68 to have been the formation of channels 
through which the oil has been able to migrate into the overlying forma
tions and even to reach the surface. A secondary and relatively unim
portant function of intrusion is believed to have been the formation by 
brecciation and metamorphism of reservoirs capable of containing oil.

Subclass V( b ) — Contact of sedimentaries with dikes.— Many of the 
Mexican seepages occur along dikes of basaltic rock in the Tertiary sedi
ments. The Tampalachi seepage near Panuco, Mexico, occurs on a con
cealed dike. Other instances of seepages along dikes occur at Tamijuin, 
Acala, Chapapote in the San Jose de las Rusias hacienda, and one mile 
southeast of Cervantes. This last is illustrated in  figure 14.

Subclass V (c )— Contact of sedimentaries with intrusive beds or lacco
liths.— Few cases are known with certainty where oil occurs below intru-

98 E. De Golyer: Econ. Geol., vol. 10 , 1 9 1 5 ,  p. 9 6 1,



sive beds or laccoliths, but figure 15 shows how the type is believed by 
some to occur in Mexico, and undoubtedly exists in Cuba. The Furbero 
field is reported by De Golyer69 to overlie and underlie an altered lacco-
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lith of gabbro in the Mendez shales, which are there baked and broken. 
Thompson70 supposes that the structure of the field of the island of 
Tcheleken, in the Caspian Sea, may be due to an underlying laccolith.

«"Econ. Geol., vol. 10, 1915, p. 653.
70 Instn . of Min. and Met., vol. 20, 1910 1911, p. 230.
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Subclass V ( d ) — Contact o f sedim entaries w ith  older igneous rocks.— 
While there are no positively known occurrences of oil according to this 
type, gas does exist in small quantities in this way in the provinces of 
Quebec and Ontario and in northern New York State, where it is under 
great pressure. So far as the writer has been able to learn from his in
formants, it is contained in the lower zone of the Potsdam sandstone, of 
arkose structure, resting directly on the underlying granite or gneiss.

F ig u r e  15 .— H ypothetical Cross-section of an in tru s ive  Bed in  the Coastal P lain of
Mexico

I llu s tra tin g  occurrence of oil according to  Subclass V (c)

C LA SS V I— ST R A T A  D IPPIN G  UNCO NFO RM ABLY A W A Y  FROM A N  OLD
SH O R E L IN E

A good example of oil in an unconformity on a: monocline is brought 
by Thompson71 from the Maikop field of Russia, where inclined strata of 
Upper Oligocene and Lower Neocene age, dipping 7 to 10 degrees, rest 
unconformably on an overlap Cretaceous strata, as shown in figure 16. 
The unconformity has sealed up the upper end of the Neocene sands. 
The structural position of some pools in the vicinity of the Arbuckle and 
Wichita Mountains, in southern Oklahoma, may be similar.

71 T rans. In stn . Min. and Met., vol. 20, 1910-1911, p. 229.
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t u o p o j u o a s '

C LA SS V II— C REVIC ES OF IG NEO U S ROCKS

Petroleum and solid bitumen have been noticed by various observers in 
1  traps, basalts, and other igneous
* __ roeks. An interesting instance was

mentioned by Logan72 in a green
stone dike at Tar Point, Gaspe, in 
the Province of Quebec. Another 
unpublished occurrence of oil in 
igneous rock from Colorado, con
tributed by Dr. David T. Day, refers 
to a boulder of vesicular basalt in 
which the vesicles were filled with 
oil. In order to prove whether the 
oil had filtered in from exterior 
sources, a fragment was boiled with 
benzol until no more oil could be ex
tracted, and the basalt still contained 
much oil. It was shown, however, 
that the cavities had been sealed by 
a secondary deposit of carbonate of 
lime, and that by removing this the 
oil could all be extracted and the 
basalt left intact. Thus the external 
origin of oil was deemed possible.

In the vicinity of Binny Craig, 
Scotland, a volcanic neck or pipe was 
encountered in an oil-shale working. 
This dike consists of trap and con
tains cavities in which mineral wax. 
pitch, or paraffine was found.73 These 
instances are not, however, in the 
opinion of the present writer, due to 
igneous origin of the oil, but to the 
intrusion of the volcanic rock from 
below into the sedimentary forma
tions which contained the oil, and 
consequently the volcanic rock must 
have absorbed large quantities of

72 Sir W illiam Logan : Geology of Canada. 1863, pp. 400-789.
78 H enry M. C a d e ll: Oil-shale holdings of the  Lothians. T rans. In st. Min. Engrs., 

vol. 22, pp. 347-353.
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bitumen. Moreover, in Mexico many crevices exist in the volcanic necks, 
and these are sufficient to allow oil to enter from the surrounding Tertiary 
and Cretaceous formations and thus pass up to the surface.

Rateau mentions74 an instance at Roezk, Galicia, where a trachitic rock 
is impregnated with petroleum. A similar report comes from Prof. 
Arthur Lakes,75 who describes dikes of injected volcanic origin, more or 
less saturated with petroleum, near Pagosa Springs, in Archuleta County, 
Colorado. The petroleum here is also associated with hot sulphur water. 
De Golyer78 mentions probable examples of oil seepages from dike fissures 
at Cerros de la Pez and de la Dicha, at Ebano, Mexico. The best example 
known to the writer is from the side of Cerro de Chapapote, between 
Tepezintla and Pierre Labrada, Mexico, where oil can be seen seeping out 
of a conspicuous basalt plug from about 60 feet above its base. Wash- 
burne77 mentions the occurrence of small amounts of oil in porous basalt 
on the Johnson Ranch, on the North Fork of Siuslaw River, western 
Lane County, Oregon.

A somewhat different type of occurrence is found in granite and associ
ated crystalline rocks on Copper Mountain, in northeastern Fremont 
County, Wyoming, according to Trumbull.78 For many years asphalt,, 
oil tar, or “brea,” as it is frequently called, was gathered for fuel from 
points on the granite mountain. The geology has been worked out in de
tail by Darton,79 who found that Copper Mountain is a dome over the 
granite core of which stratified rocks were at one time present, having 
been removed by erosion. The brea and deposits of heavy oil have accu
mulated in hollows in the upper part of the .'mountain, and oil has been 
encountered in shafts and tunnels high up in the granite. The oil was 
originally accumulated in the Ember sandstone of Permian age which 
overlay the dome,'and when the faulting occurred some of it settled into 
the crevices of the granite as low as the water level/ The downward 
stratigraphic migration is supposed to have been as much as 2,000  feet, 
but the direction of migration is described as probably lateral during 
tilting of the rocks to form the dome.

C L A S S  Y I I I — C R E V IC E S  OF S E D IM E N T A R Y  R O C K S

The Florence field of Colorado is shown by Washburne80 to be due to

71M. A. R ateau : Annales des Mines, 8th  ser., v.ol. 11, p. 152.
76 F. H. O liphant: Mineral resources of the United States for 1910. U. S. Geol. Sur

vey (1902), p. 561.
™ E. De Golyer: Econ. Geol., vol. 10, 1915, p. 655.
77 C. W. W ashburne: U. S. Geol. Survey Bull. 590.
78 L. W. Trum bull: Bull. No. 1, Scientific Series of the State of Wyoming, Geologist’s 

office, 1916, pp. 5-16.
78 N. H. D arton : Prof. Paper 51, U. S. Geol. Survey.
80 C. W. W ashburne: Bull. 381, U. S. Geol. Survey, 1910, pp. 521-523.



joint cracks and fissures in  shale. The oil does not follow any particular 
beds or series of beds and the oil zone contains no sandstone or other 
porous beds. Washburne’s evidence on this matter, which seemed de
cisive, was as follows :

J . Correspondence in direction of major joints with alignment of interfering 
wells.

2. Lack of productivity of some wells situated only a few feet from pro
ductive wells.

S. Occasional ruining of a deep well by tapping the source of pressure by a 
neighboring shallow well.

4. Draining of many wells by adjacent wells of much greater depth.
5. Marked increase of maximum pressure with depth.
6. Dissimilar pressure in adjacent wells of the same depth.
7. “Crevices” reported by drillers.
8. Disappearance of large quantities of water poured into the wells.
9. Reported dropping of drilling tools.

In northeastern Ohio, southern Texas, and in some localities in  Wyo
ming small oil and gas wells are frequently obtained in shales outside of 
known domes, anticlines, or other structures. This is generally called 
"shale oil,” or “crevice oil,” to distinguish it  from the normal structural 
type. The shale oil is believed by many to be indigenous to the beds in 
which it. is found.

C L A SS IX —-O IL A SSO C IA T E D  W IT H  CLOSED F A U L T S

General discussion.— The known examples of this class consist of some 
pools in the Los Angeles field and some in the Lompoc field in California, 
described by Arnold. In these cases the highly inclined oil sands are cut 
off abruptly below ground by a fault, thus sealing in the oil and gas and 
preventing their escape to the surface. To explain the probability that 
such occurrences are more frequent than is known, it may be worth while 
to mention that oil springs frequently occur along fault-lines in British 
Columbia, in Gaspé in Quebec, in Wyoming, and in Mexico. This type is 
illustrated in figures 17 and 18.

Subclass I X (a )— Oil on the upthrow side.— Definite examples of oil 
on the upthrow side of faults are frequent in Oklahoma and they may 
exist elsewhere. No localities are mentioned on account of professional 
connections, which demand secrecy.

Subclass I X (b )— Oil on the downthrow side.— A good example of oil 
along the downthrow side of faults in the Coalinga field in California is 
illustrated in figure 17, after Arnold. Numerous other cases doubtless 
exist

594 F . G. CLAPP----CLASSIFICATION OF PETROLEUM AND GAS FIELDS
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Oil on both sides o f the fa u lt .—In many of the Oklahoma fields oil is 
found both on the upthrow and downthrow sides. In the Bibi-Eibat field 
of Russia oil occurs on both sides of normal faults which cut the crest of 
the anticline, as shown by D. Golubiatnikoff.81 According to Thomp
son,82 the faults in the Bibi-Eibat field exercise an important influence 
on the production of the wells. The faults are inclined and wells are 
drilled to strike them at great depths. In some cases the production of 
wells on one side of the fault was much greater than on the other.

Subclass I X ( c ) — Oil along overthrust fa u lts .—Examples of oil fields 
along overthrust faults are brought from Roumania, where they are well 
known. A cross-section of the Bustenari field, after Bosworth,83 is here 
shown in figure 19. A minor instance is in the Pincher Creek pool of 
southern Alberta. One of the best published examples is described by

s.w.

a . Apsheron Beds- b. Freshwater Beds I Upper Mio cene) m Meotic ■ 
;c a / a ,.------------------------1 , _ , _ .... ----------------- ---------------- * _ ---------------------

F i g u r e  18.— Section through B ibi-Eibat F ield of Baku, Russia  
Showing occurrence of oil on both sides of fau lts, Subclasses IX  (a) and I £  (&), and 

also coming in Subclass I I  (ft). A fter Thompson

Arnold and Johnson84 in the McKittrick field in California (figure 20), 
where the shales of the Monterey and Santa Margarita formations of 
Middle Miocene age are supposed to have been overthrust along a low
angled plane, on top of the McKittrick gravels, clays, and oil sand of 
Upper Miocene age.

CLASS X — O IL SA N D S SE ALED  IN  B Y  B ITU M IN O U S D E PO SITS A T  OUTCROP

This class, apparently having been first postulated by the writer, has 
since been referred to by other writers. The Pitch Lakes of Trinidad 
and Venezuela are believed to be the best known examples. In some of 
the California fields85 the outcrop of the sands is believed to be closed by 
brea. Some of the oil found near the vein of grahamite, described by

81 D. G olubiatnikoff: Bull. Geol. Com., St. Petersburg, vol. 23, 1904.
82 A. Beeby T hom pson: Petroleum  m ining and oil-field development, New York and 

London, 1910, p. 57.
83T. O. B osw orth : Pet. Review, March 23, 1912, p. 172.
84 R alph Arnold and H arry  R. Johnson : Bull. 406, U. S. Geol. Survey, 1910, pp. 97-99.
85 Arnold and Johnson : Doc. cit., "pi. v.
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White86 at Ritchie Mines, West Virginia, may-belong to, this class, , al
though these deposits are also dependent in their original accumulation 
on anticlinal and synclinal structures of Subclass II-(6). The source of 
the West Virginia grahamite dike is believed to have been the Cairo oil 
sand, which lies at a depth of about 1,300 feet from the surface;, and 
there is no doubt that either now or at an earlier period certain Qf the oil 
was held in by the grahamite.

The source of the albertite dike in Albert County, New Brunswick, is 
believed to have been oil intruded from petroliferous strata and which 
fills a large vertical fissure in the fine-grained Albert shales87 of Lower

F i g u r e  19.— Cross-section of th e  B ustenari Field, Roum ania
A fter Bosworth, Petroleum  Review, M arch 23, 1912, showing occurrence on overth rust 

fa u lt  according to  Subclass IX  (c)

Carboniferous or Devonian age. The fissure was in places as much as 17 
feet wide and was mined to a'depth of 1,300 feet. The albertite also fills 
many branch veins in the wall rock. Many dikes of grahamite of similar 
origin exist in Stephens, Pushmataha, and other counties in southern 
Oklahoma. The uintaite (gilsonite) of Utah has been shown by Eldridge 
to occupy a fractured zone in the central Uinta synclinal basin. Many 
parallel vertical gilsonite veins exist from one-sixteenth of an inch to. 3.8 
feet in width and from a few hundred yards to 8 or 10 miles in length, 
paralleling the mountains which border the basin. Oil will not be found 
in proximity to all these dikes, as some of the bitumens show by their,

86 I. C. W h ite : Bull. Geol. Soc. Am., vol. 19, 1899, pp. 277-284..
87 L. W. Bailey and R. W. E lls :  Geol. Survey Canada, 1876-1877, p. 354 e t seq.



composition that the locality has suffered too great metamorphism, but 
some of the deposits constitute indications of oil.

To illustrate the importance of bitumen dikes as indications of the 
former presence of petroleum and natural gas, it may be said that the 
grahamite dike of West Virginia is in the center of one of the greatest 
oil and gas regions in the world; that the albertite of New Brunswick is 
only a few miles from the Stony Creek gas field; that the grahamite 
dikes of Oklahoma are within a few miles of known oil fields, and that 
the uintaite dikes of Utah lead in a general direction toward oil, which is 
found across the boundary in Colorado.

O t h e r  C o n d it io n s  t h a n  S tr u c t u r e

The mistake must not be made of supposing that any one of the types 
of structure is a positive indication of an oil field. Many other condi
tions hold true, as we all know. After the structure has been determined, 
it is necessary to learn ( 1 ) whether suitable sands with impervious covers 
exist, ( 2 ) whether they are dry or wet, (3) whether there is any probable 
source of oil or gas, and (4) whether the region shows evidence of too 
great metamorphism, etcetera.

Some persons have intimated that the structural classification is inade
quate and hence of no value. To this criticism its propounder will merely 
reply that it has proved of inestimable value to him and to many other 
persons inside and outside of the profession. It  is, of course, far from 
perfect or complete; yet some sort of a classification is needed, and noth
ing has yet been suggested which comes near being a substitute. That 
proposed by Johnson and Huntley, 88 in which the structures are arranged 
in only four main classes, may offer some advantage by its apparent sim
plicity, but no other formal classification is known.

There are, however, several particulars in which fields appear to depart 
from the ordinary structural principles, namely:

1. As pointed out many times in structural treatises, the determining 
factor in the distribution of gas, oil, and water in any pool is not the 
general plane of the bed, but the undulation of the surfaces constituting 
the roof and floor of the reservoirs.

2. Lenticularity of the sands. In a strict sense of the word, of course 
all oil sands are lenticular, though some extend continuously hundreds 
of miles with little change in character. An example of this persistency 
is the Clinton sand of Ohio.

598 F . G. CLAPP— CLASSIFICATION OF PETROLEUM  AND GAS FIELDS

88 Principles of oil and gas production, 1916, p. 63.
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3. No porous stratum is consistent throughout, but varies greatly in 
its cementation, size, and arrangement of particles and therefore of pore 
space.

4. The common non-parallelism of different sets of strata in any field. 
This is what we technically call the convergence of the strata. The struc
ture of the productive stratum itself must be considered independently 
of the configuration of structure in any surface formation.

5. Dryness of certain sands.
6 . Extreme saturation of certain sands.

R e l a t io n  b e t w e e n  S t r u c t u r e  a n d - T o p o g r a p h y

A much closer relation exists in some fields between geological struc
ture and topography than is commonly understood, but this coincidence 
must be accepted with reservation.

Arnold and Johnson state88 that in the McKittrick-Sunset region of 
California a very close relation exists between topography and structure, 
the preservation of the forms being “due in part to the aridity of the 
climate, which has prevented the obliteration of the main features, al
though not always of the minor folds and in part to the recency of some 
of the processes which have affected the folding and faulting.” As ex
amples are mentioned Pyramid H ills, Lost H ills, Elk Hills, Buena Yista 
Hills, Antelope Plains, and Syncline H ill. The topographic effect of 
faulting in that region is described as even more striking than that of 
the folding, as exemplified by Palo Prieto Pass, the Elkhorn Scarp, 
etcetera.

A similar close topographic relation exists in places in Oklahoma and 
Texas; in Wyoming it is very manifest, and it can be distinguished to 
some extent in Pennsylvania, Mexico, Kansas, and Canada.

C a u s e s  o f  F a il u r e  o p  g e o l o g ic a l  W o r k  i n  S e a r c h  o f  O i l

The common causes of failure are as follows:

(1) Inadequate investigations, due to
(a) Lack of funds allotted to the work.
(b ) Lack of sufficient time.
(c) Lack of engineering training on the part of the geologist.
(d )  Lack of geological training on the part of engineers.
(e) Lack of distinction between “reconnaissances” and “de

tailed examinations.”

6 0 0  F . G. CLAPP----CLASSIFICATION OF PETROLEUM  AND GAS FIELDS

88 Loo. clt., p. 93.
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( /)  Personal carelessness of the geologist.
(g ) Jumping to conclusions.
(h ) Undue optimism.
(t) Faulty instructions.

(2) Locations not on sufficiently high portions of the dome or anti
cline, due to

(a) Fear of getting gas.
(b) Inadequate investigations.
(c) Improbability of securing desired leases.

(3) Abnormal sand conditions.
(4) Absence of knowledge regarding salt water.
(5) Unconformities.
( 6 ) “Convergence,” or lack of parallelism of the sands not being 

understood.
(7) Inclined axes of certain anticlines.
(8 ) Sharpness of certain anticlines.
(9) Rising and plunging axes.

(10) Lack of suitable sands.
(11) Lack of suitable cover.
(12) Lack of source of supply.
(13) Past leakage, or imperfect understanding of relation between

magnitude of folding and age or metamorphism of the formations.
(14) Lack of judgment on the part of the geologist.

I t  is the intention of the writer to take up in a later report these 
causes of failure, analyze them, and endeavor to derive some conclusion 
which will eliminate the failure, so far as possible, in geological studies 
of oil properties.

S t r u c t u r a l  “ H a b it s ”  P e c u l ia r  to  I n d iv id u a l  F ie l d s

In any stated field, oil and gas exist after certain methods of “habit,” 
which seem to prevail generally throughout that field. This is because, 
while the substances adhere in their relations to structural principles, 
there are modifying conditions which cause certain peculiarities to run 
entirely through the field. For instance, the central Ohio fields owe their 
monoclinal structure to the Cincinnati uplift; they are too far from, the 
Allegheny Mountains to be subject to the prominent folds produced in 
Pennsylvania and West Virginia, but they ail show certain tendencies 
toward anticlinal structure, as exhibited by monoclinal noses and ravines 
and terraces and by changes in  rate of dip in short distances.



On the other hand, in the Oklahoma and Kansas fields, on a great 
monocline between the Ozark Mountains and the Great Plains geosyn- 
cline, there are numerous domes and anticlines, due to some sort of pres
sure forces aside from those which elevated the mountains on the east or 
west of the fields.

S u b s t a n c e  o f  a  g e o l o g ic a l  E x a m i n a t io n

Considering the last few pages, we must, in closing, call attention to 
the fact that while geological structure is the most important factor in 
any examination for finding oil or gas, all the other factors must be given 
due weight in forming our conclusions; and, above all, we must use our 
judgment in digesting the field data. I t  is important, after finding the 
structure, to proceed in the following manner:

1 . Make as accurate a structure-contour map as available data will 
permit.

%. With the help of “convergence maps,” make a separate geological 
and well map for every individual sand.

3. Before making any recommendations, consider carefully the ques
tion of local peculiarities of the structures—water conditions, number, 
character, parallelism and continuity of the sands, character of overlying 
beds, possible source of supply, metamorphism, and “structural habits” 
for the particular group of fields.

By such an appraisal of the characteristics of the region, it will not be 
difficult to form some conclusion of the probabilities of the prospective 
field.

C o n c l u s io n

In a scientific study of any oil field for the purpose of determining its 
possibilities, it  is necessary for the expert to distinguish the features 
which it has in common with other fields from those in which it differs 
from them, and by a process of comparison and inference, based on the 
detailed .observations and calculations, to draw his conclusions as to 
whether or not the locality is favorable for petroleum.

I t  is probable that oil will continue to be discovered in types of struc
tures not enumerated here, and from time to time further additions and 
subdivisions of the classification must be made. We can record in  the 
present classification only what is now actually known or inferred.
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